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Abstract
Semantic role labeling (SRL) is an NLP task
involving the assignment of predicate argu-
ments to types, called semantic roles. Though
research on SRL has primarily focused on ver-
bal predicates and many resources available
for SRL provide annotations only for verbs,
semantic relations are often triggered by other
linguistic constructions, e.g., nominalizations.
In this work, we investigate a transfer scenario
where we assume role-annotated data for the
source verbal domain but only unlabeled data
for the target nominal domain. Our key as-
sumption, enabling the transfer between the
two domains, is that selectional preferences of
a role (i.e., preferences or constraints on the
admissible arguments) do not strongly depend
on whether the relation is triggered by a verb
or a noun. For example, the same set of argu-
ments can fill the Acquirer role for the verbal
predicate ‘acquire’ and its nominal form ‘ac-
quisition’. We approach the transfer task from
the variational autoencoding perspective. The
labeler serves as an encoder (predicting role
labels given a sentence), whereas selectional
preferences are captured in the decoder com-
ponent (generating arguments for the predict-
ing roles). Nominal roles are not labeled in
the training data, and the learning objective in-
stead pushes the labeler to assign roles predic-
tive of the arguments. Sharing the decoder pa-
rameters across the domains encourages con-
sistency between labels predicted for both do-
mains and facilitates the transfer. The method
substantially outperforms baselines, such as
unsupervised and ‘direct transfer’ methods, on
the English CoNLL-2009 dataset. 1
1 Introduction
Semantic role labeling (Gildea and Jurafsky,
2002) methods detect the underlying predicate-
argument structures of sentences, or, more for-
1Our code is available at https://git.io/JfO9q.
Model
Labeled	Verbal	Data
Unlabeled	Nominal	Data
He added that until [now]TMP the [Japanese]A0 
have [only]ADV acquired equity [positions]A1  
in U.S. biotechnology companies .
After [Sony] Corp. ’s [recent] headline - grabbing  
acquisition of Columbia [Pictures] , many say it  
makes good political sense to lie low .
[Sony]A0 
[recent]ADV 
[Pictures]A1
Figure 1: Our model transfers argument roles of
the verbal predicate (acquired) to the arguments of its
nominalization (acquisition). acquired and acquisition
share the lemma. Note that we do not rely on any argu-
ment alignment.
mally, assign semantic roles to arguments of pred-
icates:2
[Pinocchio]A0 traded the [book]A1 for a [ticket]A3.
In this sentence, Pinocchio is labeled as A0, indi-
cating that it is an agent (‘a trader’) of the trading
event, whereas book is marked as a patient (A1,
‘an entity being traded’). Semantic-role struc-
tures have been shown effective in many NLP
tasks, including machine translation (Xiong et al.,
2012; Marcheggiani et al., 2018), question an-
swering (Shen and Lapata, 2007), and summariza-
tion (Khan et al., 2015).
Most work on SRL relies on supervised learn-
ing (He et al., 2017; Marcheggiani and Titov,
2017), and thus requires annotated resources
such as PropBank (Palmer et al., 2005) and
FrameNet (Baker et al., 1998) for English, or
2In this work, we consider the popular dependency-based
SRL version (Hajicˇ et al., 2009), i.e., only syntactic heads
of argument phrases are marked with roles rather than entire
argument spans (e.g., ‘book’ rather than ‘the book’).
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SALSA (Burchardt et al., 2006) for German.
However, the annotated data is available only
for a dozen of languages. Moreover, many
of these resources cover only verbal predicates,
whereas semantic relations are often triggered by
other linguistic constructions, such as nominal-
izations and prepositions. For example, in the
popular multilingual CoNLL-2009 dataset (Hajicˇ
et al., 2009) nominal predicates are provided only
for 3 languages (English, Czech, and Japanese).
The scarcity of annotated data motivated research
into unsupervised SRL methods (e.g., (Swier and
Stevenson, 2004; Lang and Lapata, 2011; Titov
and Klementiev, 2012; Woodsend and Lapata,
2015)) but these approaches have also focused
only on verbal predicates, and, as we will show
in our experiments, do not appear effective in the
nominal SRL setting. In contrast, nominal predi-
cates, though often neglected in annotation efforts
and model development, have been shown crucial
in many applications, such as extracting relations
from scientific literature (Bethard et al., 2008) or
events from social media (Liu et al., 2012).
In this work, we investigate a transfer scenario,
where we assume the presence of role-annotated
data for the ‘source’ verbal domain but only un-
labeled data for the ‘target’ nominal domain. Our
key assumption, driving the transfer between the
two domains, is that selectional preferences of a
role (i.e., preferences or constraints on the ad-
missible arguments) do not strongly depend on
whether the relation is triggered by a verb or a
noun. Take the example in Figure 1, semantically
similar arguments can fill the A0 (‘entity acquiring
something’) role for the verbal predicate acquire
and its nominal form acquisition.
We approach the transfer problem from the gen-
erative perspective and use the variational autoen-
coding (VAE) framework (Kingma and Welling,
2014) or, more specifically, its semi-supervised
version (Kingma et al., 2014). The semantic role
labeler serves as an encoder (predicting roles given
a sentence), whereas selectional preferences are
captured in the decoder component (generating ar-
guments for the predicting roles). Nominal roles
are not labeled in the training data, instead, the au-
toencoder’s learning objective pushes the labeler
to assign roles predictive of the arguments. Shar-
ing the decoder parameters across the domains en-
courages consistency between labels predicted for
both domains. Intuitively, the knowledge is trans-
ferred from the verbal domain to the nominal do-
main.
Similarly, to work on unsupervised semantic
role induction in the verbal domain (Swier and
Stevenson, 2004; Lang and Lapata, 2010; Titov
and Khoddam, 2015), we focus solely on the ar-
gument labeling subtask, and assume that candi-
date arguments are provided. While we classify
gold arguments in our experiments, candidate ar-
guments can also be identified with simple rules.
To verify this, inspired by heuristics from Lang
and Lapata (2011) developed for verbal predicates,
we define five simple rules for argument extrac-
tion; these rules use syntactic dependency struc-
tures and yield 75% F1 in identification (details in
Appendix D). We leave end-to-end evaluation for
future work.
We experiment on the English CoNLL-2009
dataset and compare our approach to baselines.
Among the baselines, we consider, (1) a di-
rect transfer approach (Zeman and Resnik, 2008;
Søgaard, 2011), which applies a verbal SRL model
to the nominal data, and (2) an unsupervised
role induction method, which has been shown to
achieve state-of-the-art results on the verbal do-
main (Titov and Khoddam, 2015). We observe
that our model outperforms the strongest baseline
models by 6.58% in accuracy and 4.27% in F1, ac-
cording to supervised and unsupervised evaluation
metrics, respectively. Our key contributions can be
summarized as follows: (1) we introduce a novel
task of transferring SRL models from the verbal to
the nominal domain, (2) we propose a simple la-
tent variable model for the task, and (3) we show
that the approach compares favourably to existing
alternatives.
2 Motivation
As discussed above, our approach hinges on the
assumption that selectional preferences of a role
(e.g., A0) are similar for verbal predicates (e.g.,
acquire) and their nominalizations (e.g., acqui-
sition). In this section, we verify this assump-
tion by analyzing the verbal PropBank (Palmer
et al., 2005) and nominal NomBank (Meyers et al.,
2004) resources, or, more formally, their CoNLL-
2009 version (Hajicˇ et al., 2009).
As in the rest of the paper, we rely on lemmas
and a nominalization list3 to relate verbal pred-
3http://amr.isi.edu/download/lists/
verbalization-list-v1.06.txt
Most transferable role-predicate pairs
Predicate-Role BC
Arguments
Overlap Complement (‘non-overlap’)
earn
AM-TMP
0.845 quarter -num- year month half
period earlier ago annual week
pretax season time month interest current night now yet be later
never rise year still summer friday latest second tax
increase
A2
0.821
% $ -num- cent more million
share
sharp mark big small rate huge low even less “ dollar minor
modest those total unit wage wide area $
sell
A1
0.732
stock share asset product $
bond unit car stake it
retail them truck auto yen art amount contract million gas glass
part cd debt export lincoln record fund car market
Least transferable predicate-role pairs
Predicate-Role BC Complement (‘non-overlap’)
interest
A2
0.028
interest % see public minor investor buy know it his their creditor group holder u.s. push buyer
major our control half he jaguar nation p&g third whose you make thing
rate
A1
0.081
interest film stock tax growth return show loan default deposit discount bill profit him ad death
save $ debt program accept asset cd gain work share them he bike cancer
interest
A1
0.087
interest me short high % buy low stock i you he them we him rate investor higher us they her
oil buyer congressman movement other team voter fan itself payment
result
A2
0.151
result will may gain have say cost death growth remain would price sale rate spend $ benefit
demand lot problem it ca can could direct do face fell fund make
direct
A2
0.170
direct buy fund maker bureau be make state veto child him review & brother co. motor unit “
me attorney tv america australia budget firm for hutton research right trust
order
A1
0.176
order buy sell he obtain ban him worth more court be model prevent good stop her them bank
report allow back block bond car center extend find gain gap get
make
A1
0.233
auto it sure them offer loan move statement payment printer $ effort be him case lot me invest
point thing you deposit progress us % cut sale trip use comment
Table 1: Predicate-role pairs with the most and least similar selectional preferences, as measured with the Bhat-
tacharyya coefficient (BC), the larger the more similar. The intensity of green is used to indicate the degree of
positive contribution of an argument to BC. The intensity of blue and red indicates the negative contribution: the
blue arguments appear predominantly with verbal predicates, where the red (= italic) words are mostly arguments
of nominalizations.
icates (e.g., earn) to their nominal forms (e.g.,
earning and earner)4. In what follows, we use
lemmas to refer to predicates. To ensure the re-
liability of our metrics, we consider predicate-role
pairs which appear at least 100 times, resulting in
65 predicate-role pairs, and take only frequent ar-
guments (a cut-off of 20).
First, we would like to identify the predicate-
role pairs which have the most and the least simi-
lar selectional preferences across the domains. To
do this, for every predicate-role pair, we collect its
4Note that their roles may not be fully aligned, even
though NomBank annotators were encouraged to reuse Prop-
Bank frames (Meyers et al., 2004). Also, we ignore predicate
senses (i.e ‘sense set’ identifiers) in this work.
arguments in the verbal domain and arguments in
the nominal domain, lemmatize them and measure
the distance between the two argument samples.
We rely on the Bhattacharyya coefficient (BC), a
standard way of measuring the amount of overlap
between statistical samples. As we can see from
Table 1, BC for (earn, AM-TMP) and (increase,
A2) are the highest (0.845 and 0.821), indicat-
ing that the selectional preferences for the nominal
and verbal domains are very similar. In contrast,
the similarity is very low (0.028 and 0.081) for (in-
terest, A2) and (rate, A1). Arguments for these
role-predicate pairs almost do not overlap between
their verbal and nominal forms.
Second, in order to understand the reason for
this discrepancy, we measure the contribution of
individual arguments. We define the contribution
as the change to BC, caused by removing all oc-
currences of the argument from the samples. For
example, removing quarter for the predicate-role
pair (earn, AM-TMP) causes the largest drop in
BC, while taking out pretax results in the largest
jump. We can see that some of the largest discrep-
ancies are due to peculiarities of the NomBank an-
notation guidelines. The most obvious one is the
presence of self-loops, i.e., nominal predicates in
NomBank can take themselves as arguments. For
example, A2 for the predicate direct is defined as
‘movement direction’, and the nominalized predi-
cate direction is always labeled as A2. Other prob-
lematic cases are due to multi-word expressions,
such as auto makers or pretax earnings that do not
have frequent verbal counterparts.
Still, even if we ignore annotation divergences,
we see that our assumption is only an approxima-
tion. Nevertheless, it is accurate for a subset of
predicate-role pairs. We hypothesize that, due to
parameter sharing in our model, easier ‘transfer-
able’ cases will help us to learn to label in harder
‘non-transferable’ ones.
3 Transfer Learning
In our setting, we are provided with a labeled
dataset Xv for the source verbal domain but the
role labels are not annotated in the target nominal
data Xn. Our goal is to produce an SRL model
for the target. Given a predicate p in a sentence
w, a semantic role labeler needs to assign roles
y = y1, . . . , ym to arguments a = a1, . . . , am. We
consider dependency-based SRL (see Figure 1),
i.e., we label syntactic heads of argument phrases
(e.g., ‘positions’ instead of the entire span ‘equity
positions’).
In order to exploit unlabeled data we will use
the generative framework, or, more specifically,
semi-supervised VAEs (Kingma et al., 2014). We
will start by describing the generative model, and
then show how it can be integrated in the semi-
supervised VAE objective and used to produce a
discriminative semantic role labeler.
3.1 Generative model
The generative model defines the process of pro-
ducing arguments a relying on roles y and a con-
tinuous latent variable z. The variable z can be re-
garded as a latent code encoding properties of the
proposition (i.e., the triple p, y and a). We start by
drawing the roles and the code from priors:
p(y) =
∏
i
p(yi); p(z) = N (z|0, I),
where, for simplicity, we assume that p(yi) is the
uniform distribution. We then generate arguments
(formally, argument lemmas) using an autoregres-
sive selectional preferences (SP) model:
pθ(a|y, z) =
∏
i
pθ(ai|y,a<i, z, p), (1)
where a<i = (a1, . . . , ai−1). This con-
trasts with most previous work in SP modeling,
which assumes that arguments are conditionally-
independent (e.g., (Ritter et al., 2010)). As we will
see in our ablations, both using the latent code and
conditioning on other arguments is beneficial. On
nominal data y is latent and the marginal likeli-
hood is given by
Tθ(a)=log
∫ ∑
y
p(y)p(z)pθ(a|y, z) dz . (2)
Recall that we reuse the generative model across
nominal and verbal domains. As the preferred ar-
gument order is different for verbal and nominal
predicates, our model needs to be permutation-
invariant or, equivalently, model bags of labeled
arguments rather than their sequences (Vinyals
et al., 2015). We achieve this by replacing the
maximum likelihood objective Tθ(a) with pseu-
dolikelihood (Besag, 1977). In other words, we
replace pθ(a|y, z) in Equation 2 with the follow-
ing term:
fθ(a,y, z) =
∏
i
pθ(ai|y,a−i, z, p), (3)
where a−i refers to all arguments in a but the i-th,
resulting in the objective
Tˆθ(a)=log
∫ ∑
y
p(y)p(z)fθ(a,y, z) dz . (4)
Intuitively, when predicting an argument, the
model can access all other arguments. Further-
more, to fully get rid of the order information, we
ensure that pθ(ai|y,a−i, z, p) is invariant to joint
reordering of the arguments a−i and their roles
y−i. The neural network achieving this property
is described in Section 4.1.
3.2 Argument reconstruction
Optimizing the pseudolikelihood involves in-
tractable marginalization over the latent variables
z and y. With VAEs, we instead maximize its
lower bound:
Tˆθ(a) ≥ Eqφ(y,z|w) [log fθ(a,y, z)] (5)
− KL(qφ(y, z|w)||p(y)p(z)) = Uθ,φ(w) ,
where qφ(y, z|w) is an estimate of the intractable
true posterior, provided by an inference network
(IN), a neural network parameterized by φ. The
first term in Equation 5 is the autoencoder’s re-
construction loss: IN serves as an encoder and the
SP model as the decoder. The other term can be
regarded as a regularizer on the latent space. We
also factorize IN into two components: a semantic
role labeler qφ(y|w) and a latent code generator
qφ(z|w).
On the verbal data y is observed, and the
pseudo-likelhood lower bound becomes:
Lθ,φ(w,y) = Eqφ(z|w) [log fθ(a,y, z)] (6)
− KL(qφ(z|w)||p(z)) .
We will describe the architecture of both inference
networks in Section 4.
3.3 Joint objective
While using the objectives Uθ,φ(w) and
Lθ,φ(w,y) can already faciliate the transfer,
as standard with semi-supervised VAEs, we use
an extra discriminative term which encourages the
semantic role labeler to predict correct labels on
the labeled verbal data:
Dφ(wv,yv) = log qφ(yv|wv) . (7)
In practice, we share the semantic role labeler
qφ(y|w) across nominal and verbal domains. Note
that though the parameters φ are shared, the la-
beler relies on the predicate and the sentence and
can easily detect which domain it is applied to. In
other words, sharing the labeler’s parameters pro-
vides only a soft inductive bias rather than a hard
constraint. The parameter sharing is the reason for
why qφ(yv|wv) can benefit from accessing the en-
tire sentence w, rather than using only the argu-
ments a, as would have followed from the poste-
rior estimation perspective.
To summarize, the overall loss function is min-
imized with respect to θ and φ:
Jθ,φ = −
∑
wn∼Xn
Uθ,φ(wn) (8)
−
∑
(wv ,yv)∼Xv
Lθ,φ(wv,yv) + α · Dφ(wv,yv) ,
where α is a hyper-parameter balancing the rela-
tive importance of the discriminative term. Note
that the estimation of the lower bounds requires
sampling from qφ(y|w) and qφ(z|w), which is
not differentiable. This, together with the pres-
ence of discrete latent variables, makes the op-
timization challenging. As a remedy, for z we
employ the reparametrization trick (Kingma et al.,
2014); for y we resort to the Gumbel-Softmax re-
laxation (Jang et al., 2017; Maddison et al., 2017).
Details can be found in the Appendix A.
4 Component Architecture
In this section, we formally describe every com-
ponent of our VAE. A schematic overview of the
model is illustrated in Figure 2.
4.1 Decoder fθ(a,y, z)
As shown on the right in Figure 2, the neural net-
work computing pθ(ai|y,a−i, z, p) takes as input
the concatenation of the predicate embedding p,
the latent code z, the role embedding yi as well
as the representations of the other arguments ca−i
and the other roles cy−i :
ca−i =
1
m− 1
∑
j 6=i
vaj ,
cy−i =
1
m− 1
∑
j 6=i
vyj ,
where vaj and vyj are argument embedding and
role embedding, respectively. The resulting vec-
tor is passed through a two-layer feedforward net-
work, with the tanh non-linearities, followed with
the softmax over argument lemmas. The argu-
ments a−i and their roles y−i are encoded via the
mean operation over their embeddings, ensuring
that the resulting model is invariant to their order.
4.2 Encoder models
4.2.1 Semantic role labeler qφ(y|w)
We adapt the SRL model of He et al. (2017) to
dependency-based SRL. Specifically, a highway
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N (0, I)
<latexit sha1_base64="Y66Fjgdt54ZOGKxxXPzxjUheJTw=">AAA LInicfZZbc9tEFMeVcmvFLYVHXkTtzLTgJLbbgZSnMmEGCvQCJG2ayHhW0tpesqtVd49iO1t9DT4Bn4Y3hidm+Cg8cFZ2ImlF8Iyl3f3993bO2 aONMs409Pt/bVx77fU33nzr+g3/7Xfefe/9zZsfPNMyVzE9jCWX6igimnKW0kNgwOlRpigREafPo9N9y5+fUaWZTA9gmdGRINOUTVhMAJvGm7/ 6W91QEJhFEzMvur6P9ZdjE2YzVty+AOfFqzBOJNzpWrXMeK67fqPj2GxfVEhRNGD4E5sKUnTrTSLH+qoaE24eV1P1e8HD4k53vNnp7wyG9+8Nh kG7MNjpl7+Ot/49Hd+8AWEi41zQFGJOtD4Z9DMYGaKAxZwWfphrmpH4lEzpCRZTIqgemdKARbCFLUkwkQr/KQRlq78VHGoawIwGmdSgY8UyCIB hv1L1cX1IU7Y3ZjGL1eCNtpRAxKJmG/qSO+uDyd7IsDTLgaZxk2lBOMeFk8w6sPAbQ+1/+53t2xw/V9yRUS23Mxb3poqgn+NFDxRJdUYUGq9wt nV63rOP7ZegKK0Vt2MpMuLIidDWjz18w0zYl16KyL6txXQvikRPgyBqqZJmT5rmggEVzkpFzoEpOUcXBV9yLuc6mM8I+Ft10cU2aiKWxjxPWDo NGAY81Y1BIylPgUS6prdeRkUgJ0EIMlM5p70gFCyxpYCkSRBGEkCKss7SAPtzZ1idR5deqXsslQp9RsXIYF/R3LYgpzSmvOl/jMpcMeqEDtrOM TafSsVKO/NppmmO8S8TDPWt5uw0TUbmfyTVQDYULivOZMkvuYZILpz4IFHOiXJaLw3ctA8FjLEYZ8ejNQPI9Be7uxqQSsxQE/TDDsbULtkdfn Z/rz/YGzQ3Yi2f9HAF+LSLHNJRtfLhlXtqrsFmVIwKZ2UZs+Hp+qB1eFsOUIossekrihlH0UcY+U8yqghI9YkJ8UidFqZ8XiXBY4fmMKvXVSIS S12Y8nmlRGGGXaBo9Ub7hniU6RzNKTB2zTq5FgaDmCf2SEpu7VWXPC7WsgjTsQuPK3iMsMFEVFxO0CSLS2AWbq9lxZYuO6/YucuOKnbkshcVe+ Gy44q1dhBBBUPMBEBaClIp2rAygIlaMK5g3IKqgqoF5xWct+BZBc9aED+v9ll+Z12m2ZqtPssOZinGmsbvP9AF4NgPC1chc2hKnrQkGIM1iXnU EswOcA2Yxs1Bi6g1aZkDrJVXU7rE7ggYt3nNWQdwEhUng9GqJ4DpDNxxMSvZu0Cl0vw/VPvp2t6r64pLeY1+36K0RvdbFGq0ZY/9aY1+7VL7ZS lO7uLCOZ1A+CroDIJQsekMy2PTGRY/m85dt9OPNpb1TCoolZjE8PPqREGmZLKySDkwJ+mUU2uW9eiqbMBEg/e0i8tYcHXh2XBngJe3H4adB/fW N7br3kfeLe+2N/A+9x5433hPvUMv9v7ZuLXx6UbP/83/3f/D/3Mlvbax7vOh1/j5f/8LEWoq5A==</latexit><latexit sha1_base64="Y66Fjgdt54ZOGKxxXPzxjUheJTw=">AAA LInicfZZbc9tEFMeVcmvFLYVHXkTtzLTgJLbbgZSnMmEGCvQCJG2ayHhW0tpesqtVd49iO1t9DT4Bn4Y3hidm+Cg8cFZ2ImlF8Iyl3f3993bO2 aONMs409Pt/bVx77fU33nzr+g3/7Xfefe/9zZsfPNMyVzE9jCWX6igimnKW0kNgwOlRpigREafPo9N9y5+fUaWZTA9gmdGRINOUTVhMAJvGm7/ 6W91QEJhFEzMvur6P9ZdjE2YzVty+AOfFqzBOJNzpWrXMeK67fqPj2GxfVEhRNGD4E5sKUnTrTSLH+qoaE24eV1P1e8HD4k53vNnp7wyG9+8Nh kG7MNjpl7+Ot/49Hd+8AWEi41zQFGJOtD4Z9DMYGaKAxZwWfphrmpH4lEzpCRZTIqgemdKARbCFLUkwkQr/KQRlq78VHGoawIwGmdSgY8UyCIB hv1L1cX1IU7Y3ZjGL1eCNtpRAxKJmG/qSO+uDyd7IsDTLgaZxk2lBOMeFk8w6sPAbQ+1/+53t2xw/V9yRUS23Mxb3poqgn+NFDxRJdUYUGq9wt nV63rOP7ZegKK0Vt2MpMuLIidDWjz18w0zYl16KyL6txXQvikRPgyBqqZJmT5rmggEVzkpFzoEpOUcXBV9yLuc6mM8I+Ft10cU2aiKWxjxPWDo NGAY81Y1BIylPgUS6prdeRkUgJ0EIMlM5p70gFCyxpYCkSRBGEkCKss7SAPtzZ1idR5deqXsslQp9RsXIYF/R3LYgpzSmvOl/jMpcMeqEDtrOM TafSsVKO/NppmmO8S8TDPWt5uw0TUbmfyTVQDYULivOZMkvuYZILpz4IFHOiXJaLw3ctA8FjLEYZ8ejNQPI9Be7uxqQSsxQE/TDDsbULtkdfn Z/rz/YGzQ3Yi2f9HAF+LSLHNJRtfLhlXtqrsFmVIwKZ2UZs+Hp+qB1eFsOUIossekrihlH0UcY+U8yqghI9YkJ8UidFqZ8XiXBY4fmMKvXVSIS S12Y8nmlRGGGXaBo9Ub7hniU6RzNKTB2zTq5FgaDmCf2SEpu7VWXPC7WsgjTsQuPK3iMsMFEVFxO0CSLS2AWbq9lxZYuO6/YucuOKnbkshcVe+ Gy44q1dhBBBUPMBEBaClIp2rAygIlaMK5g3IKqgqoF5xWct+BZBc9aED+v9ll+Z12m2ZqtPssOZinGmsbvP9AF4NgPC1chc2hKnrQkGIM1iXnU EswOcA2Yxs1Bi6g1aZkDrJVXU7rE7ggYt3nNWQdwEhUng9GqJ4DpDNxxMSvZu0Cl0vw/VPvp2t6r64pLeY1+36K0RvdbFGq0ZY/9aY1+7VL7ZS lO7uLCOZ1A+CroDIJQsekMy2PTGRY/m85dt9OPNpb1TCoolZjE8PPqREGmZLKySDkwJ+mUU2uW9eiqbMBEg/e0i8tYcHXh2XBngJe3H4adB/fW N7br3kfeLe+2N/A+9x5433hPvUMv9v7ZuLXx6UbP/83/3f/D/3Mlvbax7vOh1/j5f/8LEWoq5A==</latexit><latexit sha1_base64="Y66Fjgdt54ZOGKxxXPzxjUheJTw=">AAA LInicfZZbc9tEFMeVcmvFLYVHXkTtzLTgJLbbgZSnMmEGCvQCJG2ayHhW0tpesqtVd49iO1t9DT4Bn4Y3hidm+Cg8cFZ2ImlF8Iyl3f3993bO2 aONMs409Pt/bVx77fU33nzr+g3/7Xfefe/9zZsfPNMyVzE9jCWX6igimnKW0kNgwOlRpigREafPo9N9y5+fUaWZTA9gmdGRINOUTVhMAJvGm7/ 6W91QEJhFEzMvur6P9ZdjE2YzVty+AOfFqzBOJNzpWrXMeK67fqPj2GxfVEhRNGD4E5sKUnTrTSLH+qoaE24eV1P1e8HD4k53vNnp7wyG9+8Nh kG7MNjpl7+Ot/49Hd+8AWEi41zQFGJOtD4Z9DMYGaKAxZwWfphrmpH4lEzpCRZTIqgemdKARbCFLUkwkQr/KQRlq78VHGoawIwGmdSgY8UyCIB hv1L1cX1IU7Y3ZjGL1eCNtpRAxKJmG/qSO+uDyd7IsDTLgaZxk2lBOMeFk8w6sPAbQ+1/+53t2xw/V9yRUS23Mxb3poqgn+NFDxRJdUYUGq9wt nV63rOP7ZegKK0Vt2MpMuLIidDWjz18w0zYl16KyL6txXQvikRPgyBqqZJmT5rmggEVzkpFzoEpOUcXBV9yLuc6mM8I+Ft10cU2aiKWxjxPWDo NGAY81Y1BIylPgUS6prdeRkUgJ0EIMlM5p70gFCyxpYCkSRBGEkCKss7SAPtzZ1idR5deqXsslQp9RsXIYF/R3LYgpzSmvOl/jMpcMeqEDtrOM TafSsVKO/NppmmO8S8TDPWt5uw0TUbmfyTVQDYULivOZMkvuYZILpz4IFHOiXJaLw3ctA8FjLEYZ8ejNQPI9Be7uxqQSsxQE/TDDsbULtkdfn Z/rz/YGzQ3Yi2f9HAF+LSLHNJRtfLhlXtqrsFmVIwKZ2UZs+Hp+qB1eFsOUIossekrihlH0UcY+U8yqghI9YkJ8UidFqZ8XiXBY4fmMKvXVSIS S12Y8nmlRGGGXaBo9Ub7hniU6RzNKTB2zTq5FgaDmCf2SEpu7VWXPC7WsgjTsQuPK3iMsMFEVFxO0CSLS2AWbq9lxZYuO6/YucuOKnbkshcVe+ Gy44q1dhBBBUPMBEBaClIp2rAygIlaMK5g3IKqgqoF5xWct+BZBc9aED+v9ll+Z12m2ZqtPssOZinGmsbvP9AF4NgPC1chc2hKnrQkGIM1iXnU EswOcA2Yxs1Bi6g1aZkDrJVXU7rE7ggYt3nNWQdwEhUng9GqJ4DpDNxxMSvZu0Cl0vw/VPvp2t6r64pLeY1+36K0RvdbFGq0ZY/9aY1+7VL7ZS lO7uLCOZ1A+CroDIJQsekMy2PTGRY/m85dt9OPNpb1TCoolZjE8PPqREGmZLKySDkwJ+mUU2uW9eiqbMBEg/e0i8tYcHXh2XBngJe3H4adB/fW N7br3kfeLe+2N/A+9x5433hPvUMv9v7ZuLXx6UbP/83/3f/D/3Mlvbax7vOh1/j5f/8LEWoq5A==</latexit><latexit sha1_base64="Y66Fjgdt54ZOGKxxXPzxjUheJTw=">AAA LInicfZZbc9tEFMeVcmvFLYVHXkTtzLTgJLbbgZSnMmEGCvQCJG2ayHhW0tpesqtVd49iO1t9DT4Bn4Y3hidm+Cg8cFZ2ImlF8Iyl3f3993bO2 aONMs409Pt/bVx77fU33nzr+g3/7Xfefe/9zZsfPNMyVzE9jCWX6igimnKW0kNgwOlRpigREafPo9N9y5+fUaWZTA9gmdGRINOUTVhMAJvGm7/ 6W91QEJhFEzMvur6P9ZdjE2YzVty+AOfFqzBOJNzpWrXMeK67fqPj2GxfVEhRNGD4E5sKUnTrTSLH+qoaE24eV1P1e8HD4k53vNnp7wyG9+8Nh kG7MNjpl7+Ot/49Hd+8AWEi41zQFGJOtD4Z9DMYGaKAxZwWfphrmpH4lEzpCRZTIqgemdKARbCFLUkwkQr/KQRlq78VHGoawIwGmdSgY8UyCIB hv1L1cX1IU7Y3ZjGL1eCNtpRAxKJmG/qSO+uDyd7IsDTLgaZxk2lBOMeFk8w6sPAbQ+1/+53t2xw/V9yRUS23Mxb3poqgn+NFDxRJdUYUGq9wt nV63rOP7ZegKK0Vt2MpMuLIidDWjz18w0zYl16KyL6txXQvikRPgyBqqZJmT5rmggEVzkpFzoEpOUcXBV9yLuc6mM8I+Ft10cU2aiKWxjxPWDo NGAY81Y1BIylPgUS6prdeRkUgJ0EIMlM5p70gFCyxpYCkSRBGEkCKss7SAPtzZ1idR5deqXsslQp9RsXIYF/R3LYgpzSmvOl/jMpcMeqEDtrOM TafSsVKO/NppmmO8S8TDPWt5uw0TUbmfyTVQDYULivOZMkvuYZILpz4IFHOiXJaLw3ctA8FjLEYZ8ejNQPI9Be7uxqQSsxQE/TDDsbULtkdfn Z/rz/YGzQ3Yi2f9HAF+LSLHNJRtfLhlXtqrsFmVIwKZ2UZs+Hp+qB1eFsOUIossekrihlH0UcY+U8yqghI9YkJ8UidFqZ8XiXBY4fmMKvXVSIS S12Y8nmlRGGGXaBo9Ub7hniU6RzNKTB2zTq5FgaDmCf2SEpu7VWXPC7WsgjTsQuPK3iMsMFEVFxO0CSLS2AWbq9lxZYuO6/YucuOKnbkshcVe+ Gy44q1dhBBBUPMBEBaClIp2rAygIlaMK5g3IKqgqoF5xWct+BZBc9aED+v9ll+Z12m2ZqtPssOZinGmsbvP9AF4NgPC1chc2hKnrQkGIM1iXnU EswOcA2Yxs1Bi6g1aZkDrJVXU7rE7ggYt3nNWQdwEhUng9GqJ4DpDNxxMSvZu0Cl0vw/VPvp2t6r64pLeY1+36K0RvdbFGq0ZY/9aY1+7VL7ZS lO7uLCOZ1A+CroDIJQsekMy2PTGRY/m85dt9OPNpb1TCoolZjE8PPqREGmZLKySDkwJ+mUU2uW9eiqbMBEg/e0i8tYcHXh2XBngJe3H4adB/fW N7br3kfeLe+2N/A+9x5433hPvUMv9v7ZuLXx6UbP/83/3f/D/3Mlvbax7vOh1/j5f/8LEWoq5A==</latexit>
q (y|·)
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: After Sony Corp. ’s recent headline - grabbing acquisition of Columbia Pictures , …
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<latexit sha1_base64="FjhIorvEK6r75bavmrsgAKLeAh0=">AAA LA3icfZZbc9tEFMeVlksrWpqWR14ETmYK4yS22ykpT2XCDBToBUjaNJHxrKS1vXhXK3aPYjuLHvk0vDG88kF44LtwVnYiaUXwjLWr/f33ds7Zo 40yzjT0en9vXLv+1tvvvHvjpv/erdvv39m8e++VlrmK6VEsuVTHEdGUs5QeAQNOjzNFiYg4fR3NDix/fUaVZjI9hGVGh4JMUjZmMQFsGm3O/e2 tUBCYRmMzL7Z8fyuUGc811upgZHYuXkhRNGD4I5sIgm21JpFX7zHh5nlx/4L1usHT4pOt0Want9sfPH7YHwTtSn+3V/463vr3cnT3JoSJjHNBU 4g50fq038tgaIgCFnNa+GGuaUbiGZnQU6ymRFA9NKWFimAbW5JgLBX+UwjKVn87ONI0gCkNMqlBx4plEADDfqXqo/qQpmxvzGIWq8EbbSmBiEX NNnQWd9YH4/2hYWmWA03jJtOCcI4LJ5n1UOE3hjr45lvbtzl+rrgjo1ruZCzuThTJpixedEGRVGdEofEKZ1uz86597PwCitJadSeWIiOOnAht/ djFEqbCFnopIltai+luFImuBkHUUiXNnjTNBQMqnJWKnANTco4uCr7gXM51MJ8S8Lfroott1EQsjXmesHQSMIxoqhuDRlLOgES6prdeRkUgx0E IMlM5p90gFCyxtYCkSRBGEkCK8p2lAfbnzrA6jy69UvdYKhX6jIqhwb6iuW1BZjSmvOl/jMpcMeqEDtrOMTafSMVKO/NJpmmO8S8TDPXt5uw0T YbmfyTVQDYULl+cyZKfcw2RXDjxQaKcE+W0Xhq4aR8KGGMxzo5HawqQ6c/39jQglZiCxuiHXYypPbI3ePR4v9ff7zc3Yi2fdHEF+LSLHNBhtf LBlXtqrsGmTIwKZ2UZs+Hp+qB1eFsOUIosselLihlH0WcY+S8yqghI9akJ8UjNClM+r5LgsUNzmFVxlYjEUhemfF4pUZhiFyhalWjfEI8ynaM5 BcauWSfXwmAQ88QeScmtveqS58VaFmE6duFJBU8QNpiIissJmmRxCczC7bWs2NJl5xU7d9lxxY5d9qZib1x2UrHWDiKoYIiZAEhLQSpFG1YGMF ELxhWMW1BVULXgvILzFjyr4FkL4vfVPssPrcs0W7PVd9nBLMVY0yM0A10Ajv20cBUyh6bkRUuCMViTmGctwfQQ14Bp3By2iFqTljnAWnk1pUvs joBxm9ecdQAnUXHaH656AphO3x0Xs5K9C1Qqzf9DdZCu7b26rriU1+h3LUpr9KBFoUZb9jiY1OhXLrVfluL0AS6c0zGEvwadfhAqNplifWQ6g+ In03ngdvrBxrKeSgWlEpMYfl6dKMiUTFYWKQfmJJ1was2yHl2VDZho8J52cRkLrq68Guz28fL2/aDz5OH6xnbD+9D72Lvv9b3PvCfe195L78iL vX82rm/c2rjt/+b/7v/h/7mSXttY9/nAa/z8v/4Faq8etQ==</latexit><latexit sha1_base64="FjhIorvEK6r75bavmrsgAKLeAh0=">AAA LA3icfZZbc9tEFMeVlksrWpqWR14ETmYK4yS22ykpT2XCDBToBUjaNJHxrKS1vXhXK3aPYjuLHvk0vDG88kF44LtwVnYiaUXwjLWr/f33ds7Zo 40yzjT0en9vXLv+1tvvvHvjpv/erdvv39m8e++VlrmK6VEsuVTHEdGUs5QeAQNOjzNFiYg4fR3NDix/fUaVZjI9hGVGh4JMUjZmMQFsGm3O/e2 tUBCYRmMzL7Z8fyuUGc811upgZHYuXkhRNGD4I5sIgm21JpFX7zHh5nlx/4L1usHT4pOt0Want9sfPH7YHwTtSn+3V/463vr3cnT3JoSJjHNBU 4g50fq038tgaIgCFnNa+GGuaUbiGZnQU6ymRFA9NKWFimAbW5JgLBX+UwjKVn87ONI0gCkNMqlBx4plEADDfqXqo/qQpmxvzGIWq8EbbSmBiEX NNnQWd9YH4/2hYWmWA03jJtOCcI4LJ5n1UOE3hjr45lvbtzl+rrgjo1ruZCzuThTJpixedEGRVGdEofEKZ1uz86597PwCitJadSeWIiOOnAht/ djFEqbCFnopIltai+luFImuBkHUUiXNnjTNBQMqnJWKnANTco4uCr7gXM51MJ8S8Lfroott1EQsjXmesHQSMIxoqhuDRlLOgES6prdeRkUgx0E IMlM5p90gFCyxtYCkSRBGEkCK8p2lAfbnzrA6jy69UvdYKhX6jIqhwb6iuW1BZjSmvOl/jMpcMeqEDtrOMTafSMVKO/NJpmmO8S8TDPXt5uw0T YbmfyTVQDYULl+cyZKfcw2RXDjxQaKcE+W0Xhq4aR8KGGMxzo5HawqQ6c/39jQglZiCxuiHXYypPbI3ePR4v9ff7zc3Yi2fdHEF+LSLHNBhtf LBlXtqrsGmTIwKZ2UZs+Hp+qB1eFsOUIosselLihlH0WcY+S8yqghI9akJ8UjNClM+r5LgsUNzmFVxlYjEUhemfF4pUZhiFyhalWjfEI8ynaM5 BcauWSfXwmAQ88QeScmtveqS58VaFmE6duFJBU8QNpiIissJmmRxCczC7bWs2NJl5xU7d9lxxY5d9qZib1x2UrHWDiKoYIiZAEhLQSpFG1YGMF ELxhWMW1BVULXgvILzFjyr4FkL4vfVPssPrcs0W7PVd9nBLMVY0yM0A10Ajv20cBUyh6bkRUuCMViTmGctwfQQ14Bp3By2iFqTljnAWnk1pUvs joBxm9ecdQAnUXHaH656AphO3x0Xs5K9C1Qqzf9DdZCu7b26rriU1+h3LUpr9KBFoUZb9jiY1OhXLrVfluL0AS6c0zGEvwadfhAqNplifWQ6g+ In03ngdvrBxrKeSgWlEpMYfl6dKMiUTFYWKQfmJJ1was2yHl2VDZho8J52cRkLrq68Guz28fL2/aDz5OH6xnbD+9D72Lvv9b3PvCfe195L78iL vX82rm/c2rjt/+b/7v/h/7mSXttY9/nAa/z8v/4Faq8etQ==</latexit><latexit sha1_base64="FjhIorvEK6r75bavmrsgAKLeAh0=">AAA LA3icfZZbc9tEFMeVlksrWpqWR14ETmYK4yS22ykpT2XCDBToBUjaNJHxrKS1vXhXK3aPYjuLHvk0vDG88kF44LtwVnYiaUXwjLWr/f33ds7Zo 40yzjT0en9vXLv+1tvvvHvjpv/erdvv39m8e++VlrmK6VEsuVTHEdGUs5QeAQNOjzNFiYg4fR3NDix/fUaVZjI9hGVGh4JMUjZmMQFsGm3O/e2 tUBCYRmMzL7Z8fyuUGc811upgZHYuXkhRNGD4I5sIgm21JpFX7zHh5nlx/4L1usHT4pOt0Want9sfPH7YHwTtSn+3V/463vr3cnT3JoSJjHNBU 4g50fq038tgaIgCFnNa+GGuaUbiGZnQU6ymRFA9NKWFimAbW5JgLBX+UwjKVn87ONI0gCkNMqlBx4plEADDfqXqo/qQpmxvzGIWq8EbbSmBiEX NNnQWd9YH4/2hYWmWA03jJtOCcI4LJ5n1UOE3hjr45lvbtzl+rrgjo1ruZCzuThTJpixedEGRVGdEofEKZ1uz86597PwCitJadSeWIiOOnAht/ djFEqbCFnopIltai+luFImuBkHUUiXNnjTNBQMqnJWKnANTco4uCr7gXM51MJ8S8Lfroott1EQsjXmesHQSMIxoqhuDRlLOgES6prdeRkUgx0E IMlM5p90gFCyxtYCkSRBGEkCK8p2lAfbnzrA6jy69UvdYKhX6jIqhwb6iuW1BZjSmvOl/jMpcMeqEDtrOMTafSMVKO/NJpmmO8S8TDPXt5uw0T YbmfyTVQDYULl+cyZKfcw2RXDjxQaKcE+W0Xhq4aR8KGGMxzo5HawqQ6c/39jQglZiCxuiHXYypPbI3ePR4v9ff7zc3Yi2fdHEF+LSLHNBhtf LBlXtqrsGmTIwKZ2UZs+Hp+qB1eFsOUIosselLihlH0WcY+S8yqghI9akJ8UjNClM+r5LgsUNzmFVxlYjEUhemfF4pUZhiFyhalWjfEI8ynaM5 BcauWSfXwmAQ88QeScmtveqS58VaFmE6duFJBU8QNpiIissJmmRxCczC7bWs2NJl5xU7d9lxxY5d9qZib1x2UrHWDiKoYIiZAEhLQSpFG1YGMF ELxhWMW1BVULXgvILzFjyr4FkL4vfVPssPrcs0W7PVd9nBLMVY0yM0A10Ajv20cBUyh6bkRUuCMViTmGctwfQQ14Bp3By2iFqTljnAWnk1pUvs joBxm9ecdQAnUXHaH656AphO3x0Xs5K9C1Qqzf9DdZCu7b26rriU1+h3LUpr9KBFoUZb9jiY1OhXLrVfluL0AS6c0zGEvwadfhAqNplifWQ6g+ In03ngdvrBxrKeSgWlEpMYfl6dKMiUTFYWKQfmJJ1was2yHl2VDZho8J52cRkLrq68Guz28fL2/aDz5OH6xnbD+9D72Lvv9b3PvCfe195L78iL vX82rm/c2rjt/+b/7v/h/7mSXttY9/nAa/z8v/4Faq8etQ==</latexit><latexit sha1_base64="FjhIorvEK6r75bavmrsgAKLeAh0=">AAA LA3icfZZbc9tEFMeVlksrWpqWR14ETmYK4yS22ykpT2XCDBToBUjaNJHxrKS1vXhXK3aPYjuLHvk0vDG88kF44LtwVnYiaUXwjLWr/f33ds7Zo 40yzjT0en9vXLv+1tvvvHvjpv/erdvv39m8e++VlrmK6VEsuVTHEdGUs5QeAQNOjzNFiYg4fR3NDix/fUaVZjI9hGVGh4JMUjZmMQFsGm3O/e2 tUBCYRmMzL7Z8fyuUGc811upgZHYuXkhRNGD4I5sIgm21JpFX7zHh5nlx/4L1usHT4pOt0Want9sfPH7YHwTtSn+3V/463vr3cnT3JoSJjHNBU 4g50fq038tgaIgCFnNa+GGuaUbiGZnQU6ymRFA9NKWFimAbW5JgLBX+UwjKVn87ONI0gCkNMqlBx4plEADDfqXqo/qQpmxvzGIWq8EbbSmBiEX NNnQWd9YH4/2hYWmWA03jJtOCcI4LJ5n1UOE3hjr45lvbtzl+rrgjo1ruZCzuThTJpixedEGRVGdEofEKZ1uz86597PwCitJadSeWIiOOnAht/ djFEqbCFnopIltai+luFImuBkHUUiXNnjTNBQMqnJWKnANTco4uCr7gXM51MJ8S8Lfroott1EQsjXmesHQSMIxoqhuDRlLOgES6prdeRkUgx0E IMlM5p90gFCyxtYCkSRBGEkCK8p2lAfbnzrA6jy69UvdYKhX6jIqhwb6iuW1BZjSmvOl/jMpcMeqEDtrOMTafSMVKO/NJpmmO8S8TDPXt5uw0T YbmfyTVQDYULl+cyZKfcw2RXDjxQaKcE+W0Xhq4aR8KGGMxzo5HawqQ6c/39jQglZiCxuiHXYypPbI3ePR4v9ff7zc3Yi2fdHEF+LSLHNBhtf LBlXtqrsGmTIwKZ2UZs+Hp+qB1eFsOUIosselLihlH0WcY+S8yqghI9akJ8UjNClM+r5LgsUNzmFVxlYjEUhemfF4pUZhiFyhalWjfEI8ynaM5 BcauWSfXwmAQ88QeScmtveqS58VaFmE6duFJBU8QNpiIissJmmRxCczC7bWs2NJl5xU7d9lxxY5d9qZib1x2UrHWDiKoYIiZAEhLQSpFG1YGMF ELxhWMW1BVULXgvILzFjyr4FkL4vfVPssPrcs0W7PVd9nBLMVY0yM0A10Ajv20cBUyh6bkRUuCMViTmGctwfQQ14Bp3By2iFqTljnAWnk1pUvs joBxm9ecdQAnUXHaH656AphO3x0Xs5K9C1Qqzf9DdZCu7b26rriU1+h3LUpr9KBFoUZb9jiY1OhXLrVfluL0AS6c0zGEvwadfhAqNplifWQ6g+ In03ngdvrBxrKeSgWlEpMYfl6dKMiUTFYWKQfmJJ1was2yHl2VDZho8J52cRkLrq68Guz28fL2/aDz5OH6xnbD+9D72Lvv9b3PvCfe195L78iL vX82rm/c2rjt/+b/7v/h/7mSXttY9/nAa/z8v/4Faq8etQ==</latexit>
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<latexit sha1_base64="qoulzFkxna+qkQyq7EnEaN4X/mU=">AAA KqnicfVZbk9s0FHbLrQ2XbuGRGcaQ7gzDZHfjtANbnsosM1x7oXTbvTjsyLKSiEiWkY43yQq/8Wt4hT/Dv+HIya5tmcUzsRR9n46OvnN0rCQX3 MBw+M+Nm6+9/sabb9263Xv7nXffu7N19/2XRhWaskOqhNJHCTFM8IwdAgfBjnLNiEwEe5XMDxz+6pxpw1X2AlY5G0syzfiEUwI4dLb10b1YEpg lE0vLM3vZX2F/JyrLe2db/eFuNHr4IBqF3U60O6yefrB5np3dvQ1xqmghWQZUEGNOo2EOY0s0cCpY2YsLw3JC52TKTrGbEcnM2FYbKcNtHEnDi dL4yyCsRnvb4aFhIcxYmCsDhmqeQwgc51Wsj5smbTXeWsUu18ZbYxmBhCftMdRUeP7BZH9seZYXwDLaxowkQqDjJHdClr2WqYPvf3Bz2/YLLTw aM2on53Qw1SSfcbocgCaZyYlG8UpvW/OLgXvt/AaasUZ3hyqZE49OpHGRHGALM+kas5KJa51iZpAkcmBAEr3SaXsmywrJgUnPU1kI4FotMEThV 0KohQkXMwK97SbpchsNEs+oKFKeTUOOicdMy2ii1BxIYhp8F2VkhGoSxqByXQg2CGPJU9cLSZaGcaIAlKz+8yzE+cIza4rkKirNiGVKY8yYHFu cK9vblmTOKBPt+GNWFpozL3VQO09sMVWaVzqLaW5YgfmvUkz17fbqLEvH9n8otSGXCld/vMXSXwsDiVp6+UGSQhDtjV4J3NaHAeYYxdXxaM0Ac vPl3p4BRBVWignGYRdzao/sjT5/uD+M9qP2Rpzy6QA9wLdzcsTGteeja/fU9sFVNswKz7Ocu/T0Y9A5vJ0AaE1WOPQ1w4qj2WPM/Kc50wSU/s zGeKTmpa3e11Hw2KEcdt1cRyJUmdJW72speirJEknrFvWN8SizBcopMXcvy2tpMYlF6o6kEk6vJuVJuaEl9knpgyc1eIJgC5NJebVAG1leAXbp z1qVjaLvYRc1duFjRzV25GPHNXbsYyc11tlBAjUYYyUA0mGQmtEFawFs0gFpDdIOqGtQd8BFDS464HkNnndAWbhQS2QUHczwDfYzx2TxYZ5hrh n8IANbAtr+rvQZqoA25WmHgjnYoNjHHcLsBfqAZdy+6CB6g3TkAKfyekkfcTsCLlxd8/wAQZLyNBqvZwLYfuTbxark7gI1y4j/YB1kG70pEdX5 aKOigf7YQVkDPeig0EA7ehxMG+g3Puq+LOXpfXRcsAnEv4f9KIw1n86wf2b7o/IX27/vT3ructnMlIaKiUUMP69eFuRapWtFKsOCZFPBnCwb67 oawEKD97TLy1h4feflaDfCy9tPo/6jB5sb263gw+CT4NMgCr4IHgXfBs+Cw4AGfwR/Bn8Ff/cGvee9497pmnrzxmbOB0Hr6aX/Am0PAg4=</la texit><latexit sha1_base64="qoulzFkxna+qkQyq7EnEaN4X/mU=">AAA KqnicfVZbk9s0FHbLrQ2XbuGRGcaQ7gzDZHfjtANbnsosM1x7oXTbvTjsyLKSiEiWkY43yQq/8Wt4hT/Dv+HIya5tmcUzsRR9n46OvnN0rCQX3 MBw+M+Nm6+9/sabb9263Xv7nXffu7N19/2XRhWaskOqhNJHCTFM8IwdAgfBjnLNiEwEe5XMDxz+6pxpw1X2AlY5G0syzfiEUwI4dLb10b1YEpg lE0vLM3vZX2F/JyrLe2db/eFuNHr4IBqF3U60O6yefrB5np3dvQ1xqmghWQZUEGNOo2EOY0s0cCpY2YsLw3JC52TKTrGbEcnM2FYbKcNtHEnDi dL4yyCsRnvb4aFhIcxYmCsDhmqeQwgc51Wsj5smbTXeWsUu18ZbYxmBhCftMdRUeP7BZH9seZYXwDLaxowkQqDjJHdClr2WqYPvf3Bz2/YLLTw aM2on53Qw1SSfcbocgCaZyYlG8UpvW/OLgXvt/AaasUZ3hyqZE49OpHGRHGALM+kas5KJa51iZpAkcmBAEr3SaXsmywrJgUnPU1kI4FotMEThV 0KohQkXMwK97SbpchsNEs+oKFKeTUOOicdMy2ii1BxIYhp8F2VkhGoSxqByXQg2CGPJU9cLSZaGcaIAlKz+8yzE+cIza4rkKirNiGVKY8yYHFu cK9vblmTOKBPt+GNWFpozL3VQO09sMVWaVzqLaW5YgfmvUkz17fbqLEvH9n8otSGXCld/vMXSXwsDiVp6+UGSQhDtjV4J3NaHAeYYxdXxaM0Ac vPl3p4BRBVWignGYRdzao/sjT5/uD+M9qP2Rpzy6QA9wLdzcsTGteeja/fU9sFVNswKz7Ocu/T0Y9A5vJ0AaE1WOPQ1w4qj2WPM/Kc50wSU/s zGeKTmpa3e11Hw2KEcdt1cRyJUmdJW72speirJEknrFvWN8SizBcopMXcvy2tpMYlF6o6kEk6vJuVJuaEl9knpgyc1eIJgC5NJebVAG1leAXbp z1qVjaLvYRc1duFjRzV25GPHNXbsYyc11tlBAjUYYyUA0mGQmtEFawFs0gFpDdIOqGtQd8BFDS464HkNnndAWbhQS2QUHczwDfYzx2TxYZ5hrh n8IANbAtr+rvQZqoA25WmHgjnYoNjHHcLsBfqAZdy+6CB6g3TkAKfyekkfcTsCLlxd8/wAQZLyNBqvZwLYfuTbxark7gI1y4j/YB1kG70pEdX5 aKOigf7YQVkDPeig0EA7ehxMG+g3Puq+LOXpfXRcsAnEv4f9KIw1n86wf2b7o/IX27/vT3ructnMlIaKiUUMP69eFuRapWtFKsOCZFPBnCwb67 oawEKD97TLy1h4feflaDfCy9tPo/6jB5sb263gw+CT4NMgCr4IHgXfBs+Cw4AGfwR/Bn8Ff/cGvee9497pmnrzxmbOB0Hr6aX/Am0PAg4=</la texit><latexit sha1_base64="qoulzFkxna+qkQyq7EnEaN4X/mU=">AAA KqnicfVZbk9s0FHbLrQ2XbuGRGcaQ7gzDZHfjtANbnsosM1x7oXTbvTjsyLKSiEiWkY43yQq/8Wt4hT/Dv+HIya5tmcUzsRR9n46OvnN0rCQX3 MBw+M+Nm6+9/sabb9263Xv7nXffu7N19/2XRhWaskOqhNJHCTFM8IwdAgfBjnLNiEwEe5XMDxz+6pxpw1X2AlY5G0syzfiEUwI4dLb10b1YEpg lE0vLM3vZX2F/JyrLe2db/eFuNHr4IBqF3U60O6yefrB5np3dvQ1xqmghWQZUEGNOo2EOY0s0cCpY2YsLw3JC52TKTrGbEcnM2FYbKcNtHEnDi dL4yyCsRnvb4aFhIcxYmCsDhmqeQwgc51Wsj5smbTXeWsUu18ZbYxmBhCftMdRUeP7BZH9seZYXwDLaxowkQqDjJHdClr2WqYPvf3Bz2/YLLTw aM2on53Qw1SSfcbocgCaZyYlG8UpvW/OLgXvt/AaasUZ3hyqZE49OpHGRHGALM+kas5KJa51iZpAkcmBAEr3SaXsmywrJgUnPU1kI4FotMEThV 0KohQkXMwK97SbpchsNEs+oKFKeTUOOicdMy2ii1BxIYhp8F2VkhGoSxqByXQg2CGPJU9cLSZaGcaIAlKz+8yzE+cIza4rkKirNiGVKY8yYHFu cK9vblmTOKBPt+GNWFpozL3VQO09sMVWaVzqLaW5YgfmvUkz17fbqLEvH9n8otSGXCld/vMXSXwsDiVp6+UGSQhDtjV4J3NaHAeYYxdXxaM0Ac vPl3p4BRBVWignGYRdzao/sjT5/uD+M9qP2Rpzy6QA9wLdzcsTGteeja/fU9sFVNswKz7Ocu/T0Y9A5vJ0AaE1WOPQ1w4qj2WPM/Kc50wSU/s zGeKTmpa3e11Hw2KEcdt1cRyJUmdJW72speirJEknrFvWN8SizBcopMXcvy2tpMYlF6o6kEk6vJuVJuaEl9knpgyc1eIJgC5NJebVAG1leAXbp z1qVjaLvYRc1duFjRzV25GPHNXbsYyc11tlBAjUYYyUA0mGQmtEFawFs0gFpDdIOqGtQd8BFDS464HkNnndAWbhQS2QUHczwDfYzx2TxYZ5hrh n8IANbAtr+rvQZqoA25WmHgjnYoNjHHcLsBfqAZdy+6CB6g3TkAKfyekkfcTsCLlxd8/wAQZLyNBqvZwLYfuTbxark7gI1y4j/YB1kG70pEdX5 aKOigf7YQVkDPeig0EA7ehxMG+g3Puq+LOXpfXRcsAnEv4f9KIw1n86wf2b7o/IX27/vT3ructnMlIaKiUUMP69eFuRapWtFKsOCZFPBnCwb67 oawEKD97TLy1h4feflaDfCy9tPo/6jB5sb263gw+CT4NMgCr4IHgXfBs+Cw4AGfwR/Bn8Ff/cGvee9497pmnrzxmbOB0Hr6aX/Am0PAg4=</la texit><latexit sha1_base64="qoulzFkxna+qkQyq7EnEaN4X/mU=">AAA KqnicfVZbk9s0FHbLrQ2XbuGRGcaQ7gzDZHfjtANbnsosM1x7oXTbvTjsyLKSiEiWkY43yQq/8Wt4hT/Dv+HIya5tmcUzsRR9n46OvnN0rCQX3 MBw+M+Nm6+9/sabb9263Xv7nXffu7N19/2XRhWaskOqhNJHCTFM8IwdAgfBjnLNiEwEe5XMDxz+6pxpw1X2AlY5G0syzfiEUwI4dLb10b1YEpg lE0vLM3vZX2F/JyrLe2db/eFuNHr4IBqF3U60O6yefrB5np3dvQ1xqmghWQZUEGNOo2EOY0s0cCpY2YsLw3JC52TKTrGbEcnM2FYbKcNtHEnDi dL4yyCsRnvb4aFhIcxYmCsDhmqeQwgc51Wsj5smbTXeWsUu18ZbYxmBhCftMdRUeP7BZH9seZYXwDLaxowkQqDjJHdClr2WqYPvf3Bz2/YLLTw aM2on53Qw1SSfcbocgCaZyYlG8UpvW/OLgXvt/AaasUZ3hyqZE49OpHGRHGALM+kas5KJa51iZpAkcmBAEr3SaXsmywrJgUnPU1kI4FotMEThV 0KohQkXMwK97SbpchsNEs+oKFKeTUOOicdMy2ii1BxIYhp8F2VkhGoSxqByXQg2CGPJU9cLSZaGcaIAlKz+8yzE+cIza4rkKirNiGVKY8yYHFu cK9vblmTOKBPt+GNWFpozL3VQO09sMVWaVzqLaW5YgfmvUkz17fbqLEvH9n8otSGXCld/vMXSXwsDiVp6+UGSQhDtjV4J3NaHAeYYxdXxaM0Ac vPl3p4BRBVWignGYRdzao/sjT5/uD+M9qP2Rpzy6QA9wLdzcsTGteeja/fU9sFVNswKz7Ocu/T0Y9A5vJ0AaE1WOPQ1w4qj2WPM/Kc50wSU/s zGeKTmpa3e11Hw2KEcdt1cRyJUmdJW72speirJEknrFvWN8SizBcopMXcvy2tpMYlF6o6kEk6vJuVJuaEl9knpgyc1eIJgC5NJebVAG1leAXbp z1qVjaLvYRc1duFjRzV25GPHNXbsYyc11tlBAjUYYyUA0mGQmtEFawFs0gFpDdIOqGtQd8BFDS464HkNnndAWbhQS2QUHczwDfYzx2TxYZ5hrh n8IANbAtr+rvQZqoA25WmHgjnYoNjHHcLsBfqAZdy+6CB6g3TkAKfyekkfcTsCLlxd8/wAQZLyNBqvZwLYfuTbxark7gI1y4j/YB1kG70pEdX5 aKOigf7YQVkDPeig0EA7ehxMG+g3Puq+LOXpfXRcsAnEv4f9KIw1n86wf2b7o/IX27/vT3ructnMlIaKiUUMP69eFuRapWtFKsOCZFPBnCwb67 oawEKD97TLy1h4feflaDfCy9tPo/6jB5sb263gw+CT4NMgCr4IHgXfBs+Cw4AGfwR/Bn8Ff/cGvee9497pmnrzxmbOB0Hr6aX/Am0PAg4=</la texit>
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Figure 2: An example of predicting the argument recent with the VAE model. The underlined words in w are
argument fillers. We replace them with a special symbol ’ ’ and obtain w−a. x1 is the input to the decoder model.
It is represented as the concatenation of the predicate (acquire) embedding, the latent code z, the embedding of
the recent’s role (ADV), and contexts from the other roles and arguments. Note that role labels are sampled from
qφ(y|·); we are using lemmas for the nominal predicate acquisition and the arguments.
BiLSTM model first encodes arguments into con-
textualized representations. Then roles are pre-
dicted independently using the softmax function.
Note that the SRL model is the only component
retained after training with the objective (defined
in Equation 8) and used at test time. Other model
components can be discarded.
4.2.2 Latent code predictor qφ(z|w)
Formally, as the inference network estimates the
posterior p(z|a), it needs to rely on all arguments
a and cannot benefit from any other information
in w. In practice, using such IN would result in
posterior collapse: the model would ignore dis-
crete variables y and rely on z to pass informa-
tion to the decoder. In order to prevent this, the
network relies on w−a, i.e., the sentence with all
the predicate’s arguments masked. In other words,
it can derive relevant features only from the con-
text. In our implementation, we input w−a to
a BiLSTM model, then a mean-pooling layer is
applied to the BiLSTM hidden states. Finally,
the mean vector µφ(w−a) and the log-covariances
log σφ(w−a) are output by an affine layer.
5 Experiments
The main results are presented in Section 5.2. As
unsupervised baselines cannot be evaluated using
standard metrics, we compare with them using
clustering metrics in Section 5.3.
5.1 Datasets and model configurations
Dataset: We use the English CoNLL-2009
(CoNLL) dataset (Hajicˇ et al., 2009) with standard
data splits. We separate it into the verbal and nom-
inal domains by predicate types: verb vs noun. For
a prepositional argument such as at in the prepo-
sitional phrase ‘at the library’, we instead use as
the argument the headword (library in this case) of
the noun phrase following the preposition. More-
over, we keep 15 frequent roles shared by the two
domains (a cut-off of 3). Data statistics and pro-
cessing details can be found in the Appendix B.1.
Data augmentation: Transfer learning models
benefit from labeled data in the source domain.
To obtain extra labeled verbal data, we pre-train
a verbal semantic role labeler and apply it to the
verbal predicates in the New York Times Corpus
(NYT) (Sandhaus, 2008). Appendix B.2 elabo-
rates on the process. For each predicate in the
unlabeled nominal training set, we select 1000
random instances with that predicate from the
automatically-labeled NYT data and add them to
our verbal training data.
Model configurations: Our model is imple-
mented using AllenNLP (Gardner et al., 2018)
and relies on ELMo (Peters et al., 2018). The
dimension of the latent code z is set to 100.
The embeddings of predicates and roles are ran-
domly initialized. We pre-train lemma embed-
dings for arguments on the Wikipedia data (Mu¨ller
and Schuetze, 2015), which is lemmatized by the
Model A0 A1 A2 AM-* All
Most-frequent 62.45 67.13 17.69 42.11 56.51
Factorization 53.76 56.45 3.65 27.03 44.48
Direct-transfer 67.52 64.72 24.13 40.78 55.85
Ours 71.43 70.09 19.78 62.04 63.09
-Self-loop 66.44 73.80 27.26 63.07 64.51
Table 2: F1 scores on the CoNLL nominal test data.
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Figure 3: F1 score of our model, per role, on the nomi-
nal devel data.
lemmatizer LEMMING (Mu¨ller et al., 2015). All
the embeddings are of dimension 100 and are tun-
able during training. We optimize the model using
the Adadelta (Zeiler, 2012), with the learning rate
set to 1. Appendix C provides extra details.
5.2 Supervised evaluation
5.2.1 Baseline models
We consider the following three baseline models:
1. Most-frequent assigns an argument to its most
frequent role given the predicate in the verbal
training data. When the predicate and the argu-
ment do not co-occur, it assigns the argument to
the most frequent role of the predicate.
2. Factorization estimates the compatibility of a
role yi with predicate p and argument ai using the
bilinear score s(ai, yi, p) = vTaiWyivp + v
T
aiwyi ,
where vai and vp are argument and predicate em-
beddings, respectively; Wyi and wyi are a matrix
embedding and a vector embedding of the role, re-
spectively. The scoring function is similar to the
one used in Titov and Khoddam (2015) but we es-
timate it on the labeled verbal data. See Appendix
C.1 for details.
3. Direct-transfer is our semantic role labeler es-
timated only on the verbal data (i.e., using the loss
Dφ in Equation 7) and applied to the nominal data.
Model full -z -joint -augment
Accuracy 62.86±0.57 60.72±1.27 51.60±2.12 57.20±0.86
Table 3: Accuracy on the CoNLL nominal devel data.
5.2.2 Experimental results
Our model achieves the best overall scores (Ta-
ble 2). Most-frequent and Factorization directly
estimate selectional preferences on the verbal do-
main and apply them to the nominal one, while
in our approach we share a selectional preference
model to bootstrap our labeler. The lower scores of
these baselines suggest that it is indeed crucial to
distill this weak signal into the SRL model rather
than relying on it at test time. The improvement
over Direct-transfer shows that we genuinely ben-
efit from using unlabeled nominal data.
The performance varies greatly across the roles,
with the best results for proto-agent (A0) and
proto-patient (A1) roles and much weaker for A2-
A5 and adjunt / modifier roles (AM-*). Roles
A2-A5 are hard even for supervised systems, as
they are predicate-specific (i.e., A4 for one pred-
icate may have nothing to do with A4 for an-
other). The low scores for AM-* are more sur-
prising, as their selectional preferences should not
depend much on the predicate. Looking into indi-
vidual roles in Figure 3, we see that our model is
accurate for AM-TMP, but not for AM-ADV and
AM-MNR. While for AM-TMP lemmas of argu-
ments are very similar across verbal and nominal
domains (see also top line in Table 1), this is not
the case for AM-ADV and AM-MNR. E.g., while
frequent AM-ADV arguments in the verbal do-
main are so and while, these lemmas do not appear
as AM-ADV arguments in the nominal data.
The nominal data contains self-loops, i.e., cases
where a predicate is an argument of itself (see Sec-
tion 2). This annotation decision is controversial
and most other formalism (Banarescu et al., 2013)
do not use them. Their presence negatively affects
our approach as the verbal data has no self-loops.
As expected, our model scores better when these
arguments are removed at test time (-Self-loop in
Table 2).
5.2.3 Ablation study
We investigate the importance of the latent code z,
joint modeling of arguments (joint), and data aug-
mentation (augment). We consider the VAE model
with all the three components as the full model.
Models PU CO F1
AllA0 45.76 100.0 62.79
SyntFun 63.42 66.81 65.07
Arg2vec 64.31 64.36 64.33
Factorization 75.29 52.77 62.05
Most-frequent 66.48 75.10 70.53
Direct-transfer 66.43 69.33 67.85
Ours 71.38 78.56 74.80
Table 4: Clustering results on the CoNLL nominal
training data.
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Figure 4: Accuracy on the CoNLL nominal devel data.
Then we ablate the model by removing each of
the three components individually. We train each
model five times with different random seeds and
report the mean and standard deviation of model
accuracies. Table 3 summarizes the results. We
can see that all the three components are indis-
pensable. The smaller standard deviation of the
full model also suggests that they help stabilize the
training process.
We also study the impact of augmented-data
size on the model performance. Figure 4 illus-
trates that the model accuracy consistently grows
when increasing the number of labeled verbal ex-
amples (per predicate type). We leave using more
data for augmentation for future work.
5.3 Unsupervised evaluation
5.3.1 Baseline models and evaluation metrics
We consider the following baseline models:
1. AllA0 assigns all arguments to A0, the most fre-
quent role in the data.
2. SyntFun is a standard baseline in verbal seman-
tic role induction. Each cluster corresponds to a
syntactic function (i.e., a dependency relation of
an argument to its syntactic head).
3. Arg2vec exploits the similarities among argu-
ments in the embeddings space. It uses the ag-
glomerative algorithm to cluster the pre-trained
lemma embeddings of arguments. To be compa-
rable with our model, we set the cluster number to
15, the number of roles in the verbal data.
4. Factorization is the verbal semantic role induc-
tion method of Titov and Khoddam (2015), which
achieves state-of-the-art performance on the ver-
bal domain. We use their code.
5. Most-frequent and Direct-transfer are the su-
pervised models from Section 5.2.1 but evaluated
using unsupervised metrics.
Evaluation metrics: As standard in role induc-
tion literature, we evaluate models using cluster-
ing metrics: purity (PU), collocation (CO), and
their harmonic mean F1 (Lang and Lapata, 2010).
5.3.2 Experimental results
Table 4 presents clustering results of different
models. We can see that SyntFun surpasses AllA0
by 2.28 in F1 measure, suggesting that syntactic
functions remain good predictors of semantic roles
in the nominal domain. However, Factorization
does not work well when applied to the nominal
data. Our model performs best, ourperforming the
strongest baseline, Most-frequent, by 4.27% F1.
6 Additional related work
Transfer learning, while popular for SRL, has fo-
cused on cross-lingual transfer. Work in this di-
rection uses annotation projection (Pado´ and La-
pata, 2009; van der Plas et al., 2011; Aminian
et al., 2019) or relies on shared feature represen-
tation (Kozhevnikov and Titov, 2013). We are the
first, as far as we know, to consider transfer across
linguistic constructions.
Semi-supervised Learning with VAEs is pro-
posed by Kingma et al. (2014) for classification
problem. The VAEs have been adapted for vari-
ous tasks in semi-supervised setting. Most of them
consist of both continuous and discrete latent vari-
ables (Xu et al., 2017; Zhou and Neubig, 2017;
Chen et al., 2018). Our model follows this line
of work. However, we focus on a transfer learn-
ing task since the labeled and unlabeled data come
from different domains.
7 Conclusion and future work
We defined a new task of transferring semantic
role models from the labeled verbal domain to
the unlabeled nominal domain. We proposed to
exploit the similarity in selectional preferences
across the domains and introduced a VAE model
realizing this intuition. Our model outperformed
both supervised and unsupervised baselines.
In the future, we would like to explore alter-
native approaches to transfer learning (e.g., using
paraphrase models or pivoting via parallel data),
and consider other languages and other linguis-
tic constructions (e.g., prepositions (Srikumar and
Roth, 2013)). It would also be interesting to
use SemLink (Palmer, 2009) or AMR (Banarescu
et al., 2013) to evaluate transfer quality.
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Supplementary Material
Abstract
This supplementary material includes (1) Repa-
rameterization tricks for estimating the evidence
lower bounds, (2) Processing details of the
CoNLL data and the NYT data, and (3) Configu-
rations of the VAE model and the supervised Fac-
torization baseline model.
A Reparameterization trick
We use gradient-based optimization to maximize
the evidence lower bounds. It involves sampling
from qφ(y|w) and qφ(z|w), which is not dif-
ferentiable, This, together with the presence of
discrete latent variables makes the optimization
challenging. As a remedy, for z we employ the
reparametrization trick (Kingma et al., 2014) and
define z as a deterministic variable:
z = µφ(w) +
√
σφ(w) ∗ ,  ∼ N (0, I) .
This sampling process is equivalent to sampling
z from N (z|µφ(w), diag(σφ(w))) directly. How-
ever, it removes the non-differentiable sampling
process from gradient back-propagation path.
For y we resort to the Gumbel-Softmax relax-
ation (Jang et al., 2017; Maddison et al., 2017),
which relies on the Gumbel-Max (Maddison et al.,
2014) to draw samples y from a categorical distri-
bution over the role label space:
y = argmax
i
[gi + log pii], gi ∼ Gumbel(0, 1) ,
where for i ∈ {1, . . . , nr}, pii specifies the prob-
ability i-th role label and
∑
i pii = 1; gi is drawn
independently from the Gumbel distribution. To
avert the non-differentiable argmax, we represent
y as one-hot vector and approximate it using the
softmax function: yi = 1Z exp(gi + log pii) where
Z =
∑
i exp(gi + log pii).
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Figure 5: Proportion of each role in the verbal (V)
training data and the nominal (N) data.
train dev test
# pred- # sample # pred- # sample # pred- # sample
V 1025 68461 387 1404 454 2223
N 1025 38283 533 2456 582 3955
Table 5: Number of instances (# sample) and predi-
cate forms (# pred-) in the verbal (V) and nominal (N)
domains of the processed CoNLL data.
B Data
B.1 CoNLL data processing
We apply verbalization to nominal predicates of
the English CoNLL-2009 (CoNLL) dataset (Hajicˇ
et al., 2009), mapping nouns to their verb forms
according to the morph-verbalization list . Then
we select a set of shared verb predicates between
the two domains and retain only instances having
these shared predicates. Moreover, we keep only
the following 15 frequent role labels in the two
domains (a cut-off of 3): A0, A1, A2, A3, A4,
A5, AM-ADV, AM-CAU, AM-DIR, AM-EXT,
AM-LOC, AM-MNR, AM-NEG, AM-PRD, AM-
TMP. Statistics of the resulting datasets are shown
in Table 5. Figure 5 shows proportions of the 15
roles in the final data. In training, we use only the
predicates attested with at least 20 instances in the
nominal domain and at least 10 instances in the
verbal domains, This rules out infrequent predi-
cates which either trivially lead to a high score or
lack labeled data to learn from.
B.2 Verbal data augmentation
We pre-train a semantic role labeler on the CoNLL
verbal training data. The model gives rise to an F1
score of 89.2 on the CoNLL verbal development
data, which is strong enough. Then we apply it to
the verbal predicates in the New York Times An-
notated Corpus (NYT) (Sandhaus, 2008) and ob-
tain extra labeled verbal data.
The preprocessing of the NYT data is as fol-
lows: first we tokenize and segment the NYT data
into sentences and rule out sentences having more
than 45 words. Then we lemmatize each sentence
and label it with part-of-speech (POS) tags using a
pre-trained lemmatizer (Mu¨ller et al., 2015). After
that, we employ the following heuristic to identify
predicates in the sentences: we collect all pairs of
predicate and its POS tag from the CoNLL train-
ing data, then we search for matches to these pairs
of predicate and POS tag in the NYT data. For ev-
ery complete match with the same predicate and
POS tag, we count it as a predicate occurrence.
Finally, we extract verbal-predicate data and re-
tain instances which share the same set of verbal
predicates as in the processed CoNLL data.
C Model parameters
The semantic role model qφ(y|·) uses the same
highway BiLSTM encoder as in He et al. (2017).
The encoder model qφ(z|·) also uses a highway
BiLSTM but with only one layer (interested read-
ers are referred to He et al. (2017)).
C.1 Supervised baseline model
Factorization estimates the compatibility of a role
yi with predicate p and argument ai:
s(ai, yi, p) = v
T
aiWyivp + v
T
aiwyi ,
where vai and vp are argument and predicate em-
beddings, respectively; Wyi and wyi is a matrix
embedding and a vector embedding of the role, re-
spectively. The model is trained to maximize the
conditional log-likelihood of ai given p and yi:
log p(ai|p, yi) = log exp(s(ai, yi, p))∑
j exp(s(aj , yi, p))
.
We use the pre-trained lemma embeddings for ar-
guments and randomly initialize predicate embed-
dings. Both the embeddings are of dimension 100
and are tunable during training.
D Argument identification
We use the following five rules to heuristically
identify arguments for nominal predicates. The
heuristics rely only on gold syntactic dependency
structures and part-of-speech tags. Initially, all
words in a sentence are treated as non-arguments.
1. Determinators and punctuations are removed
from consideration
2. Any of a predicate’s dependents that appears
before the predicate are labeled as arguments (i.e.,
the dependent’s word index is smaller than the
predicate’s word index). When it appears after the
predicate, it is labeled as an argument if and only
if it is a preposition.
3. All preposition siblings of a predicate are la-
beled as arguments if and only if the predicate
does have any dependents.
4. All SBJ siblings of a predicate are labeled as
arguments if and only if the predicate’s relation to
its head is OBJ.
5. The closest word to a predicate that appears be-
fore the predicate and has the dependency label
SBJ is labeled as an argument if and only if the
predicate does not have any dependents preceding
the predicate.
